A numerical study has been performed to obtain combined convection field in an inclined porous lid-driven enclosures heated from one wall with a non-uniformly heater. The lid moves at constant speed and temperature. Darcy-Brinkman-Forchheimer model was adopted to write governing equations and they solved using finite volume method. A detailed parametric study has been presented for different Reynolds numbers (10 ≤ Re ≤ 1000), Grashof numbers (10 4 ≤ Gr ≤ 10 5 ), Darcy numbers (0.01 ≤ Da ≤ 0.1), porosity (0.6 ≤ ε ≤ 0.9) and inclination angle of enclosure (0° ≤ φ ≤ 180°). It is observed that flow field, temperature distribution and heat transfer are affected by inclination angle of the enclosure.
Introduction
Combined convection heat transfer and fluid flow is of important interdisciplinary area in engineering and science such as nuclear reactors, lakes and reservoirs, solar collectors, heat exchangers and crystal growth, prevention of sub-oil water pollution, storage of nuclear waste etc. The applications are reviewed by Shankar and Deshpande (2000) .
Little work has been reported for porous media filled lid-driven cavities. Khanafer and Chamkha (1999) studied the unsteady, mixed convection flow in an enclosure filled with Darcian fluid-saturated uniform porous medium with internal heat generation. They reported that Darcy number is the most important parameter on convection. Al-Amiri (2000) investigated the momentum and energy transfer in a lid-driven cavity filled with a porous medium. In their study, the general formulation of the momentum equation is used such that both the inertial and viscous effects are incorporated. They found that the inertial effects retard momentum and energy transport. Oztop (2006) analysed the flow and temperature fields in a partially heated porous lid driven enclosure.
Tilt angle is an important parameter in some cases for mixed or natural convection problems. Its widely analysed for porous media filled enclosure to analyse the natural convection by Moya et al. (1987) . The only study on mixed convection in inclined lid-driven enclosure filled with viscous fluid was studied by Sharif (2007) . In his case, shallow viscous fluid filled (non-porous) lid-driven enclosure was chosen as the computational domain. He observed that the average Nusselt number increases with cavity inclination angle.
Above listed mixed or natural convection problems in fluid filled or porous media filled enclosures with uniformly heating from sides. However, non-uniformly heated boundary conditions can be applied for cavities (Basak et al., 2006; Varol et al., 2007; Saeid, 2005) . This spatial sinusoidal temperature variation occurs in the applications when a cylindrical heater is placed on a flat wall as indicated by Saeid (2005) . Recently, Krishna et al. (2007) made a study on lid-driven skewed porous cavity. They found that, with the reduction in Darcy number and with the increase in Reynolds number and skewness the maximum stream function value reduces.
The main aim of this study is to investigate the flow field, temperature distribution and heat transfer in a porous media filled lid-driven cavity with non-uniformly heated from the bottom wall. The above literature survey clearly shows that non-uniform temperature boundary conditions have not been investigated yet, as far as authors' knowledge.
Problem description
The schematical configuration is shown in Figure 1 . It is an inclined square lid-driven cavity filled with fluid saturated porous media. In this figure, φ denotes the inclination angle. Moving lid has isothermal while one wall of the cavity has non-uniform temperature distribution while remaining walls are adiabatic. 
Governing equations
The fluid is assumed as incompressible, the flow is laminar. Boussinesq approximation is applied. Porosity and permeability of the porous medium are uniform. The dimensionless form of governing equations as continuity (Eq. 1), momentum (Eqns. 2, 3) and energy (Eq. 4) can be given as,
Dimensionless parameters are: 
The permeability of the porous medium K is based on Ergun's emprical expression (Ergun, 1952) as
Stream function, ψ defined as
The Forchheimer constant, C F is 0.011 and Pr = 0.71. Boundary conditions are defined in physical model (Fig. 1 ).
In this model, u = 1, v = 0 and θ = 0 on moving wall.
Velocities are equal to zero on remaining walls while neighbour wall to the moving walls are adiabatic. 
Numerical analysis and validation
Control volume method is used to solve the governing equations using a staggered grid arrangement. A modified version of the general purpose SAINTS (Software for Arbitrary Integration Navier-Stokes Equation with Turbulence and Porous Media Simulator) code was used to solve the governing equations with boundary conditions (Nakayama, 1995) with SIMPLE solution algorithm (Patankar, 1980) . A hybrid of the central difference and upwind schemes was used for the convective and diffusive terms. Solution of linear algebraic equations was made by TDMA method. We made a serial test using 24 × 24, 36 × 36 and 48 × 48 grid dimensions for Re = 1000 and φ = 0°. We observed that 48 × 48 grid dimension is enough for grid-independent solutions by comparing the results with Ghia et al. (1982) . The comparison can be seen in study of Oztop (2005) .
Results and discussion
Numerical analyses have been performed to investigate the flow field and temperature distribution in a porous inclined lid-driven cavity with non-isothermally heated wall. show that multiple cells were formed in all Reynolds number. The main cell locates under lid-driven wall in clockwise rotating directions. However, another cells were occupied almost half of the cavity and it rotates in counterclockwise direction. Due to impingement of this cell to the right vertical wall, a small circulation cell was obtained at the bottom corner. Inclination angle of the enclosure becomes insignificant due to high flow velocity and benchmark solution is formed for lid-driven enclosure for higher Reynolds number. Temperature distribution shows plume-like shaped distribution near the non-isothermal wall but they are almost parallel to moving lid. However, thermal boundary layer becomes thinner near the bottom wall due to increasing of velocity. At the corners of the enclosure, quarter-circle was formed due to non-isothermal boundary condition. 
Conclusions
A numerical study has been carried out in inclined porous square lid driven enclosures, which have a sinusoidal temperature variation on one wall. Thermal boundary layer becomes higher with decreasing of amplitude of the sinusoidal function. Heat transfer increases with increasing of Grashof and Reynolds numbers. Forced convection becomes dominant for higher Reynolds number but the heat transfer mechanism is natural convection for lower Reynolds number. Heat transfer enhances with increasing of inclination angle. Number of cells increases with increasing of inclination angle. Thus, the inclination angle can be a control parameter for both heat transfer and fluid flow inside the cavity.
